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Abstract: 
---------
To alleviate the underwater cleaning and monitoring of 
large critical reservoirs, a new robotic/teleoperator, 
based on state-of-the-art technology, is designed. This 
design, which has been called Artfish, is functional 
either underwater or on land. However, for the on-land 
operation some modifications are necessary. In the fully 
submerged position, Artfish can clean the bottom surface 
of the reserv·oir using an on-board filtration system. 
When a reservoir is very large and/or the sludge level 
is beyond the on-board filtration capacity, Artfish will 
move the suction hose of a sludge pump, which is 
operating either inside or outside the reservoir, to 
rf 
different locations within the reservoir. At all times, 
Artfish can video tape the environment in which it 
lives. Artfish is equipped with a fail-safe feature 
which brings it to the surface of the water under any 
abnormal conditions. Details of this design, along with 
its cost estimates are explained. Basic calculations, 
specifications and guidelines for the design and 
installation of most devices on-board Artfish are 
provided. 
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Introduction: 
--------·~----
In many power plants there are large reservoirs that 
either cannot be drained for clean-up or can only be 
drained every few years at great cost. These costs are 
mainly due to corrosion of the piping, pumps and heat 
exchangers, plus the filtration and transportation cost 
of the sludge (Reference 1). Therefore, a research team 
at Lehigh University concluded that robots have a very 
high potential use for cleaning the reservoirs at the 
power plants (Reference 2). It was also determined that 
if an underwater robot could be used to carry a camera 
system to different locations of a vital reservoir, it 
would help the plant staff to get a better picture of an 
undesired situation within that reservoir. Keeping these 
problems in mind, we decided to design a robot which can 
-
serve both purposes: clean the reservoir and carry the 
·camera system to different elevations in the reservoir. 
... 
After I learned about all the tasks that Artfish had to 
perform, I started to develop the final design. One of 
the major problems that had to be resolved was the 
driving system of Artfish. I researched the different 
' -
mech~nisms that were available and concluded that the 
most feasible one was the DC operated motors. One of the 
driving mechanism~ that I studied required .. tlJ,e usage of 
2 
·' 
/ 
I' 
... .. . ... 
a motorcycle's engine and transmission. This type of 
driving mechanism would have been ideal if we were to 
design a robot for on-land operation. However, usage of 
this mechanism for underwate,r activity is not feasible 
since the exhaust gases would contaminate the water. 
I 
• 
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Final Design: 
-------------
My design can perform some specific functions automatic-
ally; however, at times an operator's assistance is 
necessary. For example, monitoring a reservoir requires 
human interaction. Since my design looks and behaves 
somewhat like a fish, I chose to call it Artificial fish 
or Artfish for short. (Figures 1 through 6 illustrate 
the configuration;of Artfish). 
r/ 
Artfish is installed on four wheels which are used for 
driving it to different locations on the bottom of a 
reservoir and up an inclined surface of not more than 60 
degrees. (I have chosen this angle since it is the slope 
of the Spray Pond of the Susquehanna nuclear plant 
(Reference 1)). Four propellers underneath Artfish, 
along with the two on-board pressurized air tanks and 
four air jackets, provide Artfish with an adequate and 
reliable means to move to different elevations. Whenever 
Artfish is not fully submerged, a propeller at its back 
provides it with a forward and backward motion, while a 
motorized rudder in front of Artfish takes care of its 
·. ( 
steering. Two cameras and a lamp installed in front of 
-~ Artfish enable it to see its environment- (see·Figure 4) • 
..,,., •· ~. " ,. . ~} .. ' '!\ • 
Two batteries, two circuit boards (one for the motors 
· ··arid one £or the ·instruments),- controll·ers, two--ai~ 
4 
t, ' 
tanks, four pressure regulators, six motors, al-arm 
system and other necessary instruments are placed ins'ide 
. 
the Artfish body. (Recommended dimension and position of 
these items are illustrated in Figures 2, 4, 5 and 6) . 
. 
An empty space in the middle of Artfish can be used for 
installing a pump, filtration system and brushes. At 
times when it is necessary to use Artfish for removing 
. 
sludge from a reservoir,· Artfish carries the suction 
hose of a sludge pump, which is sitting somewhere inside 
or outside of the reservoir, to various locations. 
Whenever the empty space in the middle of Artfish is not 
being used, (like when Artfish is only involved in 
monitoring activities), it can be covered for better 
flotation of Artfish. This space may have to be used to 
provide Artfish with extra loads (Appendix A illustrates 
under what conditions an extra load is necessary). 
Different instruments within the internal and external 
environment of Artfish send their signals to the main 
microprocessor, located inside Artfish, so it c~n.decide 
on the necessary actions. Under any abnormal conditions 
Artfish starts to come to the surface. When it is on the 
surface it initiates alarm. in terms of noise. However, 
~, 
if it is disabled under the water surface it initiates 
. 
an alarm comprised of both noise and a red flash·ing 
fl 
l- ., ,, . .. '='""• 
)' 
.. , 
signal. The red flashing signal helps to locate Artfish. 
If thEi ·,abnormal -cond·i tions are .,not too severe, - (e.g. , 
5 
.o 
.... 
too little power for the motors to turn), Artfish comes 
to the water surface, or even out of the water, at a 
specific location. Figures 7 and 8 show the logic 
diagram of Artfish. 
The details and specifications of Artfish and its 
component are described on the following pages. 
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Figure (7) 
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Internal Environment: 
------------------
----
The environment within Artfish will be referred to as 
the internal environment. The internal environment of 
Artfish is a completely water-free environment so that 
t~e batteries and the electrical components do not form 
a short circuit. Another reason for having a water-free 
internal environment~is to enable Artfish to move to 
different elevations of the reservoir with less power. 
It should be noted that the inside of the air jackets is 
also considered to be part of the Artfish internal 
environment. 
External Environment: 
------------------
---
The environment outside of Artfish is referred to as the 
external environment. Artfish is capable of functioning 
in two different kinds of external environments: inside 
and outside of the water. When operating mainly on land, 
Artfish takes its power fro,~any 110 V, 60 HZ or 240 V, 
50 HZ power supply which feeds the Artfish voltage 
regulators. However, when Artfish is submerged in water, 
it takes its power from the supplied on~board batteries. 
Since on-land operation requires more power than 
~ 
. 
in-water operation, it is recommended that Artfish be 
" 
qarried to the reservoir, by a "small hand truck for 
0 
' 
15 
. . 
example, rather than driving by itself. As it will be 
' explained later, the heavier a load is the larger the 
current rating of the battery should be, unless the 
operation time of the machine is reduced. (Appendix A 
shows how much the weight of an object decreases when 
submerged in water). Accordingly, the main reason for 
carrying Artfish from the storage area to the reservoir 
is to save power for the underwater operation. 
Mainframe: 
----------
The term mainframe here refers to the Artfish body and 
frame. It supports and houses all the mechanical and 
electrical systems/devices within the Artfish internal 
environment. It also provides support for the components 
which are exposed to the external environment, such as 
the Artfish wheels and tracks. Artfish has an 
aerodynamic shape, as its name implies. (see Figure 1) 
This configuration was not chosen all arbitrarily. It is 
always easier to move an aerodynamic object through 
fluids than it is to move other shapes. Although Artfish 
travels at a low speed, its shape makes some difference 
in the amount of power required by the batteries . 
f 
Artfish should be designed so it can submerge to a 
• • • •. 
maximum depth of 100 1 under the ~urface of the wat~r and· 
·=' 
\ 
f 6 · 
• 
·--~-. 
Q • ' ,i._ 
0 
withstand a maximum temperature of 150 F. I have chosen 
a depth of 100 1 mainly based on the assumption that the 
maximum water elevation in a power plant's reservoir, 
within a power plant, does not exceed 100 1 • The height 
of the water in the reactor vessel, with the reactor 
core removed, plus the height of the water above its 
dome is about 90'. To this number I have added 10' for 
the protection of Artfish. (See Appendix A for 
calculations) I am not aware of any reservoir in a power 
plant that has a temperature of more,than 120°F and 
which requires cleaning and monitoring at the same time. 
To this 120°F, which could be the temperature of the 
cooling tower water, for example, I have added 30°F for 
the protection of Artfish. 
I intended to design Artfish for river sediment removal 
from the Cooli~g Tower Basin (CTB) of power plants, 
while the cooling tower was operational. However, my 
studies of the water flow to the CTB at the Susquehanna 
' 
nuclear plant indicated that it would not be logical to 
use Artfish in an automatic mode for the CTB cleaning 
when the cooling tower is operating (Reference 1). There 
is too much turbulence. Therefore, operation of Artfish 
in an automatic mode should be limit,d to situations ' . 
where the water .velocity is low. In the case where 
Artfish is .. to be used ·in., a rather h,igh water veloci-ty, 
" 
. ,.O:"" •. , .. 
_., 
an operator must control it. (In Appendix A, formulas 
are provided to show what the maximum water velocity 
could be.) 
., 
The Artfish mainframe must be made of a reasonably 
strong material. The Artfish supporting bars and columns 
should be built of stainless steel and covered by 
aluminum. The reason for using aluminum is that it is 
strong and does not pick up magnetic fields which steel 
would. Since we expect to use Artfish in radiated areas, 
it is obvious that the mainframe must be radiation 
proofed. 
The Artfish mainframe must be quite modular so if any 
addition is to be made to it, it can be performed 
without any trouble. For example, if a wrench falls into 
a radiated reservoir, we may wish to add a magnetic arm 
to Artfish for its recovery. Artfish is made of two 
sections: the bottom portion and the top portion. The 
bottom portion of Artfish carries and supports all the 
loads while its top portion prevents water from entering 
the Artfish internal environment. The top portion also 
provides an access path to the Artfish internal 
envirenment •. The -top portion arid toe bottom portion of 
' "' 
.. Artfish are connected together using mechanical 
~· ~ 
. ·., , 
fasteners ·ari'd a water resistant, high pressure gasket. 
,, . 
.. 
" 
\ 
.. ~ 
Figure 3 shows how the mainframe is supported by the 
wheels and tracks. One steel bar is supported· by(~ach 
set of front and back wheels (I refer to :this bar as the 
wheel bar). There are two bars that connect each set of 
front and back wheels together. From each of these wheel 
bars, two bars extend to the middle of the Artfish 
bottom surface, where the sludge hose retainer is 
located (I refer to these bars as the support bars). The 
bottom surface of Artfish touches the support bars at 
eight points. These points of connections are provided 
with springs and dampers to withstand possible 
vibrations. The points of connection of the support bars 
-
to the wheel bars are also provided with a spring and 
damper. The angle between the support bars and the 
ground is 15 degrees. (This angle represents the maximum 
allowed deflection of the support bars). The angle 
between each support bar and the wheel bar is 45 degrees 
for better support of Artfish. 
Drive Mechanism: 
----------------
Artfish has four driving systems: l)Drive Motors, 
2)Thrust Propeller, 3)Buoyant Propellers, 4)Air Tank(s), 
~and-Air Jackets.· 
, .. 
. .) 
I) 
J9 
... 
.. .. 
• 
.. 
l)Drive Motors: 
---------------
Artfish should have four gear type wheels. The size of 
these wheels can be determined after ascertaining the 
I 
! 
external environment that Artfish has to live in. For 
example, if Artfish is to be moving over a 211 layer of 
sludge, then the wheel radius should be greater than two 
inches. (As was mentioned before, Artfish is quite 
modular. Therefore, changing the wheel and track size 
can be accomplished easily). Over each set of front and 
rear wheels there is a rubber type track. The type of 
tracks required depends on our application. For on-land 
operation a much stronger track is needed than for 
underwater operation. or, if the water velocity is high, 
a track which offers a higher frictional coefficient is 
necessary. (In Appendix A I discuss the tracks in 
further detail). 
Each front wheel should have its own reversible and 
variable speed motors (drive motors), while the back 
wheels are swivel wheels. Back wheels are slave to the 
front wheels. I will refer to these front motors as the 
drive motors. The Artfish drive motors must be powerful 
enough to enable it to climb \lP an inc'lined surface o:& 
up to 60 degrees~without any trouble. I have-chosen this 
" 
. . 
-~ 
·angle· because· it ref.sleets- the·· slope-- of .. ·'1the Spray Pond· ;of 
-
r· 
-~ .......... . 
.-
the Susquehanna nuclear plant (Reference 1). 
With two independently driven gear motor/wheel 
arrangements, Artfish can go through various maneuvers. 
For example, if a left turn is desired, the left drive 
motor can be in the reverse motion while the right gear 
motor is in the forward motion thus enabling Artfish to 
go through a left turn about an imaginary point at the 
center of the driven wheels. Another way that a left 
turn can be achieved is by stopping or reducing the left 
turn speed so that the right wheel speed is greater than 
§ 
the left wheel speed. (Table 1 shows how different 
movements can be achieved by changing the speed of each 
wheel). The steering logic, motor drivers and motion 
sensing devices from each wheel send their signals to 
the same circuit. 
. '-
*· . .,, 
·~-~.- ... -.,.... . --·. .. . 
\ / 
21 
• 
-
., 
, 
,, . ' . 
Table 1 shows the different movements that can be 
obtained for Artfish using the drive motors. 
Table 1. Function Table for the Artfish drive motors 
Left Motor I Right Motor I Artfish Response 
stop I stop I stop 
stop I forward I forward, left turn 
stop I reverse I reverse, left turn 
forward stop I forward, right turn 
forward forward I forward 
forward I clockwise • reverse spin 
reverse stop I reverse, right turn 
reverse forward I counterclockwise 
reverse I reverse reverse 
..... 
,· 
I 
, 
·,o 
. tr • 
. ' 
• 
2)Thrust Propeller: 
-------------------
Artfish is further equipped with a propeller at its back 
which will provide the necessary forward and backward 
motion when Artfish is not standing on a hard surface. 
The propeller, like the drive motors, should have a 
reversible and variable speed motor which will be 
controlled by the same control circuitry that controls 
the drive motor movement. I refer to this propeller as 
the thrust propeller. The steering of Artfish, when it 
is not standing on a hard surface, is performed using a 
motor driven rudder in front of and underneath Artfish. 
This rudder uses a variable, reversible and low RPM 
motor. Table 2 shows how different movements can be 
achieved using the rudder and thrust motors. Figures 1 
and 4 show the position of both the rudder and the 
thrust propeller . 
., 
I. 
., 
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Table 2. Function Table for the Artfish Thrust & Rudder 
motors 
Because of space limitation we use CW, for clockwise, 
and ccw, for counterclockwise. 
Thrust motor I Rudder motor I Effect on drive force 
cw not • Artfish forward moving 
ccw . , not • I Artfish backward moving 
cw I cw I forward & turn cw 
'· 
cw I ccw I forward & turn ccw 
ccw I cw I backward & turn cw 
ccw I ccw I backward & turn cw 
... . .. . 
, --
. ,; 
... 
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3)Buoyant Propellers 
---------------------
In addition to the left, right, forward, backward and 
rotational movements that.are provided to Artfish by the 
drive motors and the thrust propeller, an upward and 
downward movement, at various angles, are also provided 
to Artfish using four lightweight, high RPM (about 500 
RPM), reversible and variable propellers which should be 
installed at the bottom of the Artfish at equal 
distances and loads from each other. (Figure 2 
illustrates the recommended position of these motors). I 
would like to refer to these propellers as the buoyant 
propellers, because these propellers act together, or 
separately, to create the necessary buoyant force needed 
for moving Artfish up or down to various elev;ons. 
Also, when Artfish is climbing up a slope, these buoyant 
propellers can help to balance the machine. This 
balancing force can also be obtained using the thrust 
-propellers. To drive the buoyant propellers, four 
' 
• 
lightweight motors are needed wpicn will be controlled 
by the same control circuitry that controls the drive 
motors and the thrust motors. When these buoyant 
propellers operate, they create bubbles which will be 
vented from ~he upper portion of Artfish. Table 3 shows 
• 
how different movements can be achieved using the 
4 buoyant-propellers~ 
25 
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Table 3 shows how vertical movement of Artfish can be 
achieved using the buoyant propellers. (Because of space 
limitation we use CW, for clockwise, and CCW, for 
counter clockwise). 
Table 3. Function Table for Artfish Buoyant Motors 
Left 
Front 
Motor 
cw 
ccw 
cw 
STOP 
cw 
STOP 
ccw 
STOP 
ccw 
STOP 
STOP 
I 
I 
I 
I 
I 
I 
I 
I 
Left 
Rear 
Motor 
cw 
ccw 
STOP 
cw 
cw 
STOP 
STOP 
ccw 
\ 
ccw 
STOP 
STOP 
I 
I 
I 
I 
I 
I 
Right Right Effect on Artfish 
Front Rear 
Motor Motor 
cw cw Artfish Up 
ccw ccw Artfish down 
cw STOP front up 
STOP I cw back up 
STOP I STOP tilts to right 
cw cw tilts to left 
ccw I STOP front down 
STOP I ccw I back down 
STOP I STOP I tilts to left 
ccw I ccw I tilts to right 
STOP I STOP I no vertical 
I I movement 
""') . 
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4)Air Tank(s) and Air Jackets 
----------------------
-------
4)The last driving system on-board Artfish is the 
pressurized air tank. This tank which can be pressurized 
up to 300 psia will inflate the Artfish's four air 
jackets whenever needed. The pressure of this tank 
depends on the volume size that must be inflated, the 
rate at which a volume must be filled and the frequency 
of inflation and deflation. (Appendix A provides a 
formula which shows the relationship between these 
variables.) In Figure 2, I have recommended the position 
of the air tanks. It should be noted that I have~ 
indicated that there are two air tanks on-board Artfish. 
I prefer to use two air tanks, each pressurized to 150 
psia, for better reliability. Artfish is supplied with 
four air jackets which have their own automatic pressure 
regulators. These jackets can inflate up to six inches. 
"~ 
Figure 6 recommends their sizing. To deflate the air 
jackets, these pressure regulators vent the air to the 
reservoir. Two of the air jackets are installed at the 
left side of Artfish, and the other two are installed at 
the right side. 
Having four·separate air pressure regulators and air 
jackets provides Artfish with a tilting capability. For 
. 
. ~ . . . 
·examp-!e, if Ar.tfish hasv·to stand ag.ainst~ an __ .1··ncl1ned 
. . 
'it 
,. a 
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surface of 60 degrees, the front air jackets will be 
filled with some air while the back air jackets are free 
of air. The importance of this feature is that Artfish 
is kept in balance by air instead of various motors; 
this saves battery power and permits Artfish to stay 
submerged for a longer period of time. Under abnormal 
conditions these air jackets will be filled· with air to 
bring Artfish to the water surface. Whenever the air 
jackets are inflated and the pressure of the external 
environment is equivalent to the atmospheric pressure, 
an alarm, in the form of sound (such as a wailing type) 
is initiated instantly. In the case where the air 
jackets are partially filled and the external 
environment pressure i~/not the same as the atmospheric 
\ 
pressure, a flashing r~d light, which is installed on a 
telescoping shaft, will show up on the water surface. 
qt 
The full extended length of this telescoping shaft is 
about 10 feet. I have chosen-this length based on two 
assumptions: l)a taller telescoping shaft could bend and 
break, 2)depth of.large reservoirs which require 
continuous cleaning is about 10 to 15 feet. 
One other advantage of this air system is that if 
( 
. 
0 
Artfish has to carry the suction·-hose of a sludge pump 
. 
to a place that is loadad wi~h sludge, -deeper than the 
• 
p _· ~--Artfish wheel diamet·er· dfor· example, it enables Artf·is~· · ~ 
i\ 
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to stay above the sludge, rather than in it. Whenever 
the suction hose of a sludge pump is connected to 
Artfish, high sludge level will not be considered to be 
a malfunction. 
Since there is no need for the motors or the pump to be 
running when the machine is on the water surface, an 
interlock must be provided to shut off all the motors 
and the pump when the external environment pressure is 
) 
equal to the atmospheric pressure. 
It is necessary to add that Artfish can stand against a 
vertical wall, and it could even climb the vertical 
wall. However, I believe that if the slope of the wall 
exceeds 60 degrees, filtration would become a difficult 
task: possibly all the motors would have to be running 
at full power to keep Artfish in ·place. (In Appendix A 
calculations are performed to determine what the size of 
each air jacket ·should be.) In Table 4, different 
configurations that can be achieved using the air 
jackets are illustrated . 
I' . ' 
·\· 
'-~<--· 
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Table 4 shows how vertical movement of Artfish can be 
achieved using the air jackets. In this table F stands 
·for air jacket filled, and OF stands for air jacket 
deflated. 
Table 4. Function Table for Artfish Air Jackets 
Left 
Front 
Left 
Rear 
Right Right 
Front Rear 
Jacket! Jacket! Jacket! Jacket! 
F F I F I F I 
DF DF I DF DF 
F DF I F DF 
DF F I DF I F 
F F I DF I DF 
DF DF F I F 
<> 
• 
Effect On Artfish 
Artfish up 
Artfish down 
front up 1st 
back up 1st 
left up 1st 
right up 1st 
-~ ,. 
.... 
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Abnormal Condition$: 
---------------
-----
Abnormal conditions are conditions that could either 
cause damage to Artfish or could prevent Artfish from 
performing its task effectively. These conditions 
include: l)short circuit in the system, 2)under- or 
overvoltage, 3)under- or overcurrent, 4)overheating in 
the internal environment, 5)high pressure in the 
external environment, 6)high temperature in the external 
environment, ?)high water velocity, S)low pressure air 
tank, 9) hi~~,,sludge level, when the suction hose of a 
sludge pump is not connected to Artfish, lO)full filter, 
and ll)The elapsed timer. 
As was mentioned before, under any of these abnormal 
co.nditions, the air jackets will be inflated to bring 
Artfish to the water surface and an alarm will be 
initiated. Air flow to the air jackets shall continue, 
at a rather slow rate, until pressure of the external 
environment is the_ same as the atmospheric pressure, or 
any other preassigned pressure. 
DC Motors: 
.. 
----~----
!l .. 
Some important features of the DC motors that are ' - p ~ • 
relevant to th~ design of Artfish are as·'"folldws 
3) 
_/ 
" 
(Reference 3): 
!)They draw their maximum amount of current when they 
are not turning and when electrical power is first 
applied to them. 2)The faster they turn, and the less 
' they carry the smaller the current from the power 
) 
j 
supply, 3)When the load exceeds a certain point, they 
stall; they withdraw more current than the power supply 
can provide. 4)The higher the applied voltage to a DC 
motor is, the faster it turns. 5)It is not harmful for a 
DC motor to operate at a higher voltage than it needs; a 
12 V motor can take its power supply from a 24 V 
battery. Using a higher voltage source means 
availability of a higher power; the motor runs faster 
and develops more torque. One disadvantage of DC motors 
is that when the motor overloads'it stalls and draws too 
much current; resulting_ in overheating of the motor. 
This problem may be solved using an overcurrent/overheat 
relay. 
In the specification of a DC motor, the following 
considerations are pertinent: 
" l)Start-up and stall current~of the motqr. 2)Winding 
"' 
"' 
resistance of the motor. 3)Voltage specifipation of the 
. ' .. ··- - ---· ·------ ,~.. . •. . . 
• V • 
inotor ~ 4) RPM of · the , motor ( a gear · mo:tor · has a 1 ow · RPM·) . 17 
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5)Torque of the motor (the amount of force that the 
motor can apply to a load located at length L): the 
higher the motor torque rating is, the more powerful 
that motor is. 
The drive motors can be 12 V motors which have a low RPM 
and variable speed. The thrust motor (high rpm), the 
rudder motor (low rpm) and the four buoyant motors (high 
rpm) can be 6 V motors. Of course, to prevent 
overheating or overcurrent conditions of these motors, 
the right type of relay must be used. (Appendix Al shows 
~some calculations intended to help in the selection of 
the DC motors for Artfish). 
Internal Power Supply: 
----------------------
The internal power supply provides electrical power 
directly to all the internal electrical circuits and 
external response mechanisms. Two types of batteries are 
needed: a high capacity battery for running the motors 
and a low current capacity battery of high reliability 
for operating the electronic circuits. Both types of 
batteries must be rechargeable. The high capacity 
~ 
batte_ry can b.e of a lead-acid or g~l-cell type, for 
example. The .l9W ___ 9.~.r~ent battery· can be Ni-Cad 
. ·- ... .. .-.......... . ..- •.... .,._.., .. 
. 
~··(Nickel-Cadmium) . and must have proper :-cur~re?Jt-limiting 
" 
33 
• 
.. 
recharger. (Reference 4). A regulated 5 v,, Ni-Cad power 
supply is needed for the circuitry, and a 24 V or 12 V 
/ } 
marine battery, which is a class of lead-acid battery 
and is designed for routine deep charging, is a good 
power supply for the various motors provided to Artfish. 
All six motors and the filtration pump share one power 
supply. This single power supply is quite adequate for 
the motors and the pump since it is not necessary for 
all these components to operate together·at the same 
time. For example, if Artfish is fully submerged to 
clean the bottom of a reservoir, there is no need for 
the thrust and buoyant propellers to be running. 
However, it should be noted that if Artfish is to clean 
a reservoir locally using its filtration system, then 
the pumping system in Artfish must share its power 
source with the drive motors. However, it is possible to 
run the drive motors first so that Artfish is placed 
where we want it and then run the small pumping and 
filtration system. Because of the ampere-hour (A-H) 
r 
limitation of the battery, any unnecessary operation of 
the pump or motors must be eliminated. 
The ampere-hour rati~g of the l9gic powe~ s~pply should( 
be greater than that of the. battery for the motors so 
r ' 
-
..... . . -that the-machine will st.ill ··have rome decisi~ri making. 
,.. 
,,,,...,. 
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capability in the event the motor power stops. A highly 
reliable power supply should be devoted to the memory 
circuit for the system. 
It is very hard to determine what the current capacity 
of the power supplies should be when we are not sure 
about all the components that will be placed on Artfish. 
As an approximation, let us assume that each logic IC 
(Integrated Circuit) will draw about 10 mA and let us 
further assume that the microprocessor will draw about 
lA from the power supply. Therefore, if the total amount 
of current by the logic circuit is 3 A and we wish to 
run Artfish for 2 continuous hours, then we need a 6 A-H 
Ni-Cad battery for the circuitry. 
When selecting the batteries, we should make sure that· 
the ampere-hour rating of the batteries are adequate for 
at least six continuous hours of operation. (Motors 
usually require somewhere between 5 to 15 ampere). I 
chose the six hour limit because a regular day shift at 
power plants is eight hours and a worker needs two hours 
for taking Artfish from the storage area to the 
reservoir anc;i vice versa. Because of the b~ttery 
. ' .... ' 
. 
. ~im~_tations, W@;~a~~.,,ha.vg __ ,.t,o. sb_o~i;text.,.tJ:ie _dttrat_~<:>n .'?.~ t!1~~ 
. . t:r . 
.. "''' .. 
'. 
Artfish aqt-iv-it·ies;. the- longer Artfish has to operate, 
· the- -larger the supplied --batte-r--ies need to ·-be-•. ~--· 
• ,otI 
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Internal Response Mechanisms: 
_________ ,_ ____
_____________
 _ 
The internal response mechanisms are devices, such as 
relays, that are mainly responsible for control of the 
internal environment of Artfish. 
Combinations of relays must be installed before each 
motor, so that when a specific condition is met their 
contacts either open or close to prevent running of 
their associated motors. These relays must be powered 
from the logic power supply so that by using a small 
amount of current we can control the start and stop of 
the motor. If the current rating of the logic circuit 
less than the current rating of the relay coil, then 
transistors must be utilized • the circuitry to boost 1n 
the current of the logic circuit to that of the relay. 
Wiring and Power Distributions: 
---------------------
----------
• 1S 
The correct American Wire Gage (AWG) wiring must be used 
in Artfish. For example, a motor which could take 10 to 
15 ampere needs to be provided with 14 AWG wire, while 
the logic circuitry, which may take only one ampere, 
.. 
... · ... needs~- ta ,be . prov.ided.~.,..w,i.tlt ... ,Q.lllY. l8 AW,G, __ qr highe,r·, wire. 
.. 
. ~ ·~ ,... ,. D 
• • • •'I • ........ • ~,. 
,-
. 'h,... IEEE st·~n_g._9J;¢if? E.Jhould be us.ed for correct sizing o~ _the 
. ' ., ..... , ... · --·---................ ,a:_. - ··~. . ...... ".·-. -
• ·· ·· a.-~-···· ... --... ""·--·-:-•··-·- · .......... _;__ ·-; ., .... i ............ - •• ·., ,,., .• , .... _. ···:·-···~·······"·' ·,· 
wires~ · T·he ·battery .must; be perf ect-ly :sec-ut'ed---and·,. 
•- ' ~ . 
. . . 
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grounded to the mainframe. There must be a barrier 
between the main battery and the circuitry to prevent a 
malfunction of the cicuitry in the event of a spill from 
the battery. (Figure 2 recommends a place for the 
batteries in Artfish.) Besides wires and terminal 
points; wire fasteners are needed to keep each wire in a 
certain position. 
To distribute DC power supply to different components in 
Artfish, we need fuses, voltage regulators, capacitors 
and Ferrite beads. Figures 9 and 10 show a typical way 
of protecting circuitry using fuses, capacitors and 
Ferrite beads. 
As shown in Figure 10, a slow acting fuse of correct 
amperage is needed between the positive side of the 
power supply and each motor and the circuit board. Fuses 
are needed to protect the wiring and the components. 
Using a slow-blow fuse allows the large filter capacitor 
to charge rapidly when power is first applied to it. DC 
motors draw surge currents during the start-up and 
therefore using a fast-blow fuse prevents the motor 
start-up. A capacitor, on the order of 1000 microfarad, 
' 
·;·· .. , .. -·- -is .... neeaed bet.we_~o nega.t.i.v.e. ..... ~ng .. __ p_gsitive t~~ina~P.~ of __ the · · · . 
-· '. 
1 " • . 
-• . . •~ •• •
. ... - . • -· • ,, .. -
.• ~ •• ,A,•.'f"th•L•I w'o,1','ll'>MI'..,;.;'-•·••.,;. -, •• ..,....l,;/,,..,.),P,.'s.,..,. "'f""-~-•'t••·•·,.-, ;• ~• . ._ .. •·• 
. 
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. . . . 
.battery and between- the fuse and the _g1~9_u_;_t board. This . _ .. 
.. ·· -......................... -~-- ... _____ ,, -· . -·- - ...... _-· ._ _____ .,..,.-.. -. ·~ .. --· .. ·-·· -...
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volt,-age regulator is needed for the circuit board 
./ 
• 
because it acts as a current limiting device and the 
circuit board will be protected when a short circuit 
condition occurs. Ferrite beads are needed for filtering 
the Radio Frequency (RF) energy that may enter the 
power-supply system for microprocessors. 
' \ 
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Figure 9. Turning a motor on and off via a relay 
fed by the logic power supply. 
Motor Power _ 
Source 
--Logic 
Power 
Source 
--
Relay 
(_ 
DC Motor 
Figure Jo. A typical power distribution Scheme. 
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External Power Supply: 
----------------------
An external power supply is needed for charging the 
batteries or running a special device such as a large 
electric pump. A 240 V or 460 V supply may be needed to 
run a special device such as a sludge pump. A source of 
120 VAC, 60-HZ or 240 VAC, 50-HZ utility power is needed 
for input to the battery chargers. 
External Response Mechanisms: 
-----------------------------
Drive motors, thrust propeller, buoyant propellers, 
on-board filtration system, alarm (in form of wailing, 
beeping sound, flashing light or synthesized human 
speech), tracks and the sludge pump are example of these. 
types of mechanisms; they affect the Artfish external 
environment. 
One important point that must be kept in mind is that 
the external response mechanisms of Artfish should never 
cause damage to the external environment. Before Artfish 
is used in an environment all the limitations of that 
environment must be studied carefully. For example, if 
M, ... 
. , 
~ in a .reservoir there are fine·· instruments tha:t·.,could · 
easily br~ak, then operation of.Art.fish in those 
,... 
., ·reser~ioirs mu·st~-be c·1~9sel·y .·monlto·r·e·d. The ~internal and· 
a • <l". ··,··• • .••. -~ ~' 
r ,., . . .,,... ' 
" 
I 
... / ~~ 
I 
.. ,t.. 
·, 
,, 
,, 
external response mechanisms will help both Artfish and 
its environment. 
l 
Internal Sensory Mechanisms: 
---------------------------
-
The internal sensory mechanisms monitor the internal 
status of the mechanical and electri~al systems which 
are related to the Artfish internal operation. One of 
the most critical internal sensing circuits is the one 
that monitors the output power of the main batteries and 
generates alarms under low voltage conditions. Artfish 
is equipped with voltage and cur~~nt sensors, limit 
switches, pressure gauges, and transducers. The status 
. 
of the main battery, all motors and the air tank(s) must 
be monitored continuously. 
External Sensory Mechanisms: 
--------------------------
--
The external sensory mechanisms monitor the conditions 
·, .... ,., 
relevant to the external enviionment. 
Artfish is to be equipped with temperature, pressure and 
force sensors. It is also to be provided with a flow 
' .. ,. . .... . 
• • . . . . • .. ~ ,, •.. - -· 0 • .... 
meter, a sludge meter, ultrasonic distance measuring 
deyices, an alarm, a metal detector, and other sen_sory . 
.. 
.. 
'"'' 
devices· that may become necessary. 
4l 
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A 111 layer of rubber surrounds the longest,.-,length of 
Artfish to protect it from collision. Upon collision the 
sensors behind this layer will send their signals to the 
main processor. These sensors are contact-sensing. 
mechanisms such as a normally open pushbutton that 
closes by the force of the contact and initiate a 
signal. This signal could either be interpreted as an 
abnormal condition or it could mean that the thrust 
propeller has to take Artfish backward. I recommend that 
we use four such sensors on four different sides of 
Artfish. 
Artfish can be equipped with a sensing device, such as 
an ultrasonic or optical sensor coupled with the 
appropriate source of energy (ultrasound or light), to 
prevent its contact with any obstacles. 
To sense the changes in overall sound levels in the 
external environment, a microphone and a suitable audio 
amplifier are necessary. An audio tuned circuit can be 
~ . ___ / 
coupled to the audio amplifier for detecting and 
rejecting certain audio frequencies. 
. ··-rnte·rnal ·control ·Mechanism: ~ .. . ;' , . " . 
---------------------------
'•·- . .. ; 
"' 
The internal coniiol me6hariis~ controls th~· ope~ation of 
. 
\ 
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all input and output devices and all sensory, and 
response mechanisms and makes logical decisions 
affecting both the internal environment of the machine 
and the generating signals that ultimately alter the 
external environment. 
To coordinate all the ongoing activities, and to 
evaluate the status of all internal and external sensory 
mechanisms, TTL, CMOS logic circuitry or a bus-oriented 
microprocessor system can be used. If we are to make a 
teleoperator out of Artfish, we can use TTL, CMOS or MOS 
. 
res. However, if we wish to make a robot out of Artfish, 
then we need a microprocessor. Since safe operation of 
Artfish requires monitoring of many signals at the same 
time, microprocessors are preferred. One other reason 
for using the microprocessor is so that cleaning a large 
reservoir can be performed automatically. 
To program the microprocessor we need a program-loading 
program or firmware bootstrap, which comes in some 
firmware in the form of ROM (Read Only Memory). Among 
the different available microprocessors the Zilog zao or 
( Intel's 8085 are preferred since they offer the widest 
. "9 range.of~_sqftware features (R~fereng~ 5). Qther items 
I • .·"- ~ •: ; ~'t .. 
that may be needed in support of the microprocessor are: 
., ' /"c' . 
, a) A buil~t~in ·ROM bootstrap· that makes it: .possible t.o 
1,· • 
.. .. 
43 . 
. 
•.• 
c~ 
enter programs right away. b)A built-in hexadecimal 
,· 
keypad that enables us to enter both ~ddresses and data 
. 
' 
in a convenient format. c)An on-board, ready-to-go 
serial acoustical interface which enables the programs 
.. 
to be stored and retrieved easily from a conventional 
cassette tape machine. d)A built-in LED character 
readout that allows us to see the actual addresses and 
data at any point in the memory. e)At least lK of 
program RAM in the system which should be expandable. 
f)A built-in ROM burner that allows us to make custom 
ROMs for our system. The cost of the complete 
microprocessor package is about $500.00. One thing that 
should be kept in mind is that the main microprocessor 
must match the encoders that are used throughout 
Artfish. 
External Control Mechanism: 
---------------------------
Artfish has to be operable remotely. Reference 6 
discusses the problems and issues related to the design 
of this remote control. 
Input/Output Interface: 
-----------------------
. . ... 
The input/output interfacing involves conditioning the 
· ·m~chanical or el~ctrical~ signals from the internal and 
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external sensory mechanisms to make them compatible with 
the control mechanism. We can use switching amplifiers, 
pull-up or pull-down resistors, Analog/Digital 
converters, tachometers, digital counters, encoders and 
multivibrators for input/output interfacing. 
Placement Of Loads: 
--------------------
Heavier loads such as batteries and air tank(s) must be 
mounted at the bottom of Artfish for greater stability. 
(See Figure 2 for the recommended position of the 
various devices on-board Artfish). 
Batteries must be separated from the circuitry to 
prevent corrosion of the conductors and contacts on the 
circuit board. As shown in Figure 2, I have recommended 
that the battery be placed at the back of Artfish, and 
the camera system be placed in front of Artfish. Two 
pressure regulators and one air tank are located on each 
. ,.., . 
side of Artf1sh. The filtration system must be installed 
in the middle of Artfish. Location of various 
instruments are recommended in Figure 2. All the 
equipment must be fixed in place. 
' .,,_ 
, 
., . 
' 
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Weight, Volume and Cost Of Artfish 
---------------------
--------------- • 
The Archimedes' principle states that "A fluid exerts a 
buoyant force on an object equal to the weight of the 
fluid the object displaces" (Reference 7). It is 
actually due to this buoyant force that an object weighs 
J 
less in water. The magnitude of this buoyant force is 
equal to the density of the water (62.4 lb./cubic ft) 
times the volume that is submerged. As long as the 
weight of an object exceeds the buoyant force exerted on 
it, it will keep on submerging until the weight and 
buoyant force are. equal. 
The above principles put some limitations on the weight 
and volume of Artfish; If the volume exceeds a certain 
value, Artfish will not submerge unless extra weight is 
added to it. (In Appendix A, "'ehe relationship between 
weight and volume, as it relates to Artfish is 
developed). Based on Figure 1 and calculations in 
Appendix A, the volume of Artfish is 13 cubic feet. This 
volume requires ,that Artfish weigh more than 811 lbs. I 
recommend that the weight of Artfish be 850 lbs. I 
recommend this weight for two reasons: a)If Artfish 
weighs less than· aso- ·lbs it· may· ·no't be qui·t-e- ,,stable, 
b)If Artfish·weighs more than 850 lbs. its movement 
I 
.,:, . ' ••• 
- becoci~£~i;rder; (ippendi~es A and Al provide some 
.. 
G ' 
4G 
I 
/ ~~. _.:1;~{ 
', ) 
' - ·, , 
/ . 
(_ '\.. 
\ 
the actual weight of Artfish.) 
In Table 5, an estimate of the Artfish weight and cost 
is provided. Based on a review of several manufacturers' 
products, I estimated the weight of Artfish to be 
anywhere between 587 lbs. and 1010 lbs. Furthermore, I 
estimated the cost to be anywhere between $15,650.00 and 
$31,200.00. The estimated cost does not include the 
labor charges, the sludge pump and its power supply. 
" j •• .... ~ ... • 
. . ~ .. . .. _, . . ,, '' . - ., • • "1 • • • 
• .. 
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Table 5 
-------
This table illustrates the estimated cost and weight of 
Artfish. This estimation is based on a review of the 
different manufacturers' products. 
Device Weight(lbs) 
------
-----------j 
Motor Battery 70-100 
Gear wheels(4) 40-100 
Drive motors ( 2 )· 30-50 
Thrust motor 10-20 
Buoyant motors(4) 60-80 
Tracks 
Air tank 
Air Jackets(4) 
Pres . Reg. ( 4 ) 
~ Camera system 
20-40 
40-60 
5-10 
10-20 
30-50 
Lamp 2-5 
Instruments · 75-100 
Filtration Sys. 50-100 
Circuitry 20-50 
Miscellaneous 50-100 
-~---------------- --------
\ 
Total (approx) 587-1010 
48 
Cost($) 
------------------
100.00 - 150.00 
400.00 - 600.00 
400.00 - 500.00 
50.00 - 100.00 
400.00 - 500.00 
100.00 - 200.00 
400.00 - 600.00 
200.00 - 300.00 
500.00 - 1000.00 
2000.00 - 5000.00 
100.00 - 150.00 
2000.00 - 5000.00 
3000.00 - 5000.00 
3000.00 - 5000.00 
2000.00 - 5000.00 
' 
-------------------
. - . . . .• I>~ ~ . --
15650.00 - 31200.00 
. " 
-,., 
Conclusion: 
------------
Artfish is designed mainly for underwater cleaning and 
monitoring of large reservoirs. Since Artfish is 
provided with an air system it can be used in any 
reservoirs, regardless of its sludge level. The air 
system, will inflate the air jackets to bring Artfish to 
any desired elevations. This air system brings Artfish 
to the water surface under any abnormal conditions and 
initiates an alarm. Therefore, cleaning of reservoirs 
can be performed automatically in most cases, as long as 
the alarm is not initiated. 
One of the hardest problems in designing a robot is 
selection of the battery size and its operation time. 
However, thii is not a major problem for Artfish since 
its apparent weight in water will be about 50 lbs and 
this weight can further be reduced by increasing the 
Artfish volume using its air system. 
On-land applications of Artfish require modifications 
of its motors and wheels. Therefore, the automatic 
travelling distance of Artfish to and from the reservoir 
( 
... .,, 
' 
should-· -be minimized to a few. feet. -
.... - . 
_, 
( 
~ 
' ,, 
... ;,. 
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Calculations In-Support Of Artfish 
----------------------------------
Basic Principles: 
-----------------
To determine if an object will sink or float, we need to 
determine whether the buoyant force on that object 
ex(?eeds its weight. To determine the reduction in weight 
of an object when submerged in water, we need to deduct 
the buoyant force ~nan object from its weight. 
If we consider an object with surface area A and weight 
WO, submerged in water, then the net force on this 
object, assuming negligible water velocity, is: 
I , 
F(net) - P2xA - PlxA - WO -
Wo 
or •• 
• 
f2 
F(net) DwxZxAx(G/Gc) - WO (1) -- ! I 
where 
Pl= pressure on. top surface of the submerged object 
P2 = Pressure on bottom surface of the submerged object 
Z = The height of the object 
' 
Dw = Density of water= 62.4 lbm/cubic ,ft 
G (gravitational acceleration) = 32,2 lbm/(sec) (sedf 
Ge _-(g-ravitation·al--·--c·onstant) =·· 32·. 2 lbm-ft/lb.f.~.(sec). (sec) ... 
ZxA =Displaced volume 
~-
... 
. '.. .,,, A . 4) 
·-· ·ww (Buoyant ···rorce) = owxzxAx (G/Gc) .. ( 2 ) ·- ~ .. ~ :. ·,. 
,. 
53 
,,. ... ' -~-- .. •· .. ~· 
. . . ... ""' . 
If F(net) = o, then the body- is.stable in its position. 
If Ww > WO, then an object comes up towards the surface; 
it floats. 
If Ww < WO, then the object goes down towards the hard 
surface; it sinks. 
To find out whether an object floats or sinks, we need 
to know what its apparent weight would be when it is 
submerged in water. 
Apparent Weight= Actual weight - (Volume of water 
displaced)x(density of water) (4) 
The Artfish Weight & Volume 
__ .., __________
_________
____ _ 
The above principles put some limitations on the volume 
and weight of Artfish . 
..,---·- ~, 
If the volume of Artfish (which would be the same as the 
displaced volume of water) is 10 cubic ft for example, 
this means that the buoyant force on Artfish is: 
62.4 lbm/cubic ft x 10 cubic ft x (G/Gc) = 624 lbf 
,, 
. . ~· .·. ·- ' ·. 
. .. , .,,. . 
This means that the Artfish weight must exceed 624 lbf 
· in order for A·rtfish to submerge·· to the botto:m·-·of the 
< • 
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reservoir. Therefore, if we choose the Artfish volume to 
be 10 cubic ft, then its weight must exceed 624 lbf. 
Based on Figure 11 {next page) and the following 
calculations the Artfish volume is 13 cubic feet which 
means that its weight must exceed 811 lbs. in order for 
Artfish to submerge. 
Vl = Volume of trapezoid= h * (Al+A2)/2 (reference 10) 
Al= (2.25' X 2 1 ) = 4.5 
A2 = (.38' X 2) = .75 
Vl = 1.13 X (4.5 + .75)/2 = 2.97 
V2 = Volume of cuboid= ax ax h 
= (2.25' X 2.25 1 X 2 1 ) = 10.13 
V3 = Volume of 4 cylinders 
4 x (Pi) x r x r x h, where Pi= 3.14 
= 4 X 3.14 X .19 1 X .19 1 X 2 1 = .91 
V4 = Volume of cylinder 
= 3.14 X .56 1 X .56 1 X 2 1 = 1.99 
V5 = Volume of trapezoid= h x (Al+ A2)/2 
Al= (2.25' J 2 1 ) = 4.5 
( 
-
A2 = (.75 1 X 2 1 ) = 1.5 , h = .75 1 
= .75'/2 X (4.5 1 + 1.5 1 ) = 2.25 
V6 = Half cylinder= 1/2 x (Pi) x r x r x h 
• , ~-· ( 0 • · ·- .::;: ~ l/2 X ,3-.-14 X- .... 38 ~- .X ..•. 38. ! . X 2 .1 . _::=_( .• 44 .. 
Vtotal, = Volume of Artfish 
,. ' . . 
= Vl + V2 - V3 - v4· + V5 +V6 
.,, 
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= 2.97 + 10.13 - .91 - 1.99 + 2.25 + .44 
= 12.89 cubic feet 
Volume of Air Jackets 
---------------------
I 
\ 
Air jackets can be used to increase the volume of 
Artfish and hence, increase the buoyant force. 
In order for Artfish to float we must have: 
WO > (Vt~ 62.4 = {V(art) + Va) x 62.4), where 
Vt= Total volume of Artfish 
V(art) = Volume of Artfish 
Va= Volume of air jackets 
Therefore, if the volume of artfish is 10 cubic ft and 
it weighs 650 lbf, then we have: 
650 lbf = Vt x 62.4 = (10 + Va)x62.4, this results in 
Va= .42 cubi~ft~ This means that each air jacket must 
have~a'minimum of .42/4 = .15 cubic ft expansion volume. 
As you might have guessed, the above formulas determine 
how much buoyant force the buoyant propellers should 
create. Figure 6 shows the recommended dimension of the 
.. 
ai·r jackets. ··They· ·must· be able ... to .. expand, to six inc.n.es .... 
. .. '_,. 
.... . '«:I 
. ' 
• 
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Air Tank Pressure 
-r 
-------~---------
Air tank pressure deR~nds on the frequency of inflation 
and deflation of the air jackets during each use. 
According to the Boyles' Law (Reference 9): 
Pl X Vl = P2 X V2 where, 
Pl= Air pressure coming out of the pressure regulator 
P2 = Pressure in each air jacket 
Vl = Volume of the air tank 
V2 = Volume of each air jacket 
Furthermore, since a flow meter will read the rate of 
air flow from the air tank to the air jackets, it is 
easily possible to calculate the inflation time of the 
air jackets. 
w (Lbm/sec) / Da (Lbm/cubic ft)= cubic ft./sec , where 
w =Airflow rate 
Da = Air Density. It should be noted that if helium is 
used, instead of air, then the helium density is used. 
Force and Pressure on Artfish due to Water Height 
------------------------------------~----------. ·-· " . . . . " .. ,- ..... '•• .: . 
~ 
Fh = Dw X H X A(art) X G/Gc (4) where, 
H·-= Dep~h of water . 1$ 
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Fh = Force exerted on Artfish due to water height 
A(art) = Surface area of Artfish 
Therefore, when Artfish is submerged at a 100ft depth, 
Ph (water pressure on Artfish) = 6240 psf = 43.33 psia 
Force on Artfish due t.P Water Velocity 
------------------
------------------
--
Fw = Dw(lbm/cub ft) x Vw(ft/sec) x A(ft squared) x G/Gc 
We have assumed that the water velocity is negligible. 
However, if it is desired to use Artfish in a reservoir 
which has a water velocity of Vw, the effect of the 
following force on Artfish must be taken into 
consideration: 
Fw = Dw(lbm/cub ft) x Vw(ft/sec) x A(ft Sq.) x G/Gc 
Another method is available for finding this type of 
drag force, using_ the Reynolds number, (reference 5). 
Skin Friction 
-------------
I believe this type of friction is very small, mainly 
.... 
. · due to·the aerodyrtamic s&ape of Artfish, the slow speed 
. ,,·~,.,;·.-;4,'.:·· .. ·• ~:··-... '1·.'· _~7·!,.:q.·· .. rc, .:.··n:-· -- ....... .-·#,:_···, .. ·:., •. , .. 1:•·,0" . l•", ,, ..... -.· .'-;- .. ;-~ .. , •••. -
. 
····.:··- .~· ....... ~-~ '· -· ·;·· 
.. 
of Artfish and low water velocity. 
-- -- -···· -
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Friction Force Acting On Artfish 
---------------------------------
, 
• 
The friction force acting on Artfish depends on the type 
of external environment. If we are dealing mainly in a 
reservoir which does not have much sludge, we should 
determine the friction force due to rubber moving on a 
wet surface: 
Ff= m x N, where, 
m = Frictional coefficient 
N - Normal force= M x G x Cos (0) 
M - Mass of Artfish 
O = The angle of inclined surface 
~ 
Forces On Artfish due to Pump/Filtration Vibration 
--------------------------------------------------
When the filtration pump is operating it may cause 
vibration of Artfish. The amount of this vibration is 
important in determining the final weight of the 
Artfish. r· show the friction due to the pump vibration 
by Fp, however, I expect it to be negligible. 
Force balance 
-------------
~ .- .. ·~ .. 
.... 
When Artfish is in water, we should deal with its 
. ···- . ··-· -· -~· .. ··---· .. .-- .• ·· .•••.• .,,.:~-,.. . . •·· ••..• -· ... , .. !.11., . .. ·-· 
'· . 
apparen_t _ weight, not. its actua,l weight. 
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l)In the X direction: (figure 12) 
-------T----~--------
Fd + Fv - m x Ww - Fp = 0 
. •. _._, 
This means that Fd(driving force needed by drive motors) 
must be more than (m x Ww + Fp - Fv), in order for 
Artfish to be able to move. It may be necessary to 
include the thrust force, too. 
2)In the Y direction: (figure 12) 
---------------------
-WO+ Fb = o, in order for Artfish to be stable. 
3)0n an inclined surface: (figure 12) 
/ 
~---------------------- 0 f 
.• 
Fd + Ft - Ww X Sin(9) - Ww X m X Cos(e) - 0 -
Ft I the force created by the thrust propeller. Fd must lS 
be larger than 
Ww x Sin(e) + Ww x m x Cos(e) - Ft, in order for Artfish 
to move up the slope. 
.., .. : ... ,,, . rJ 4t .. . 
(I . :.-
GJ 
~ 
,_._.·~'" ..... ,._~. 
: ..... 
···• 
Figure 12. Force Balance On A Slope. 
I 
I. s0 
r_,O 
. ~~J 
~J ~ 
fv 
I 
I * Direction depends on the direction of the fluid velocity. 
I 
I 
** Direction of force depends on the direction of thrust 
propellers. . 
*** Vibration force due to the pump. 
**** Buoyant Force 
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Calculations for DC Motors 
' 
----------~----------------' 
This appendix outlines some of the calculations that 
are necessary in order to choose a motor. 
Let us define some terms, (reference 8, for conversion) . 
P(h) - F X d/ (550 X t) - F X S/550 (1) where, - -
\ 
P(h) Mechanical power • horsepower (hp) 
\ 
- in \ 
-
F - Applied force (lb) 
d - Distance moved (ft) - 2 X (Pi) X r (for 
rotational movements) 
r = The wheel radius (ft) 
t = Time of motion (sec) 
s = d/t (speed in ft/sec) 
Pi = 3.14 (constant) 
Since one hp= 740 W of mechanical power, then 
P(w) = 746 X P(h) = 1.36 X F X d/t = 1.36 X F XS (2) 
where, 
P(w) = Mechanical power in watts 
P(m) = P(w)/e = V XI (3) where, 
P(m) = Electrical power rating of motor in watts 
e = Mechanical efficiency of the motor 
V = Vol ta,ge (vol ts) 
I = Curre~t (ampere) 
-'-· 
- . - --· ------ .... ·• ;_ . ·-·· ·---· ••. - .... ;J_ •• 
- . . .. - ~. ·- --
p .. 4 . . i . > . . ( )''~ = ·· 2 · X ·· ... , .. PJ.. -~ -X -.L .. x .. , -Mr- ... 1-,-'9.0-.. ,--w .. ~---· .. _._. .. ·· where . . . . . I .• 
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apparent weight would be in water. Then we can refer to 
Appendix Al to determine what size motors are needed for 
Artfish. 
'j 
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